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Objective. The aim of this study was to investigate the importance of venous reflux in ulcer recurrence following saphe-
nous surgery.
Methods. Ulcerated legs (CEAP 5 and 6) with saphenous reflux were treated with superficial venous surgery plus
compression as part of a clinical trial. Patients unfit for general anaesthesia (GA) underwent limited surgery under local
anaesthesia (LA). Reflux in superficial and deep segments and venous refill times (VRTs) were assessed before surgery and
3e12 months post-operatively using duplex and digital photoplethysmography respectively.
Results. Of 185 patients treated with surgery, 15 failed to heal and 26 did not have a follow-up duplex. Within 3 years, 25
of the remaining 144 patients (17%) developed ulcer recurrence. Using a Cox regression model, the presence of residual
venous reflux and change in reflux pattern were not found to be risk factors for ulcer recurrence (p¼ ns). LA was used
in 4/25 patients who recurred compared to 28/119 who did not (p¼ 0.60; Chi-square test). For legs with recurrence, median
VRT before surgery was 10.5s (range 5e29) compared to 11s (range 6e36) after surgery (p¼ 0.097, Wilcoxon Signed
Rank test). However, in legs without recurrence, median VRT increased from 10s (range 3e48) to 15s (range 4e48) after
surgery (p< 0.001).
Conclusion. Residual reflux following saphenous surgery is not the most important predictor of venous ulcer recurrence.
Poor venous function as demonstrated by VRT may be a better predictor of recurrence in these patients.
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Chronic venous leg ulceration is a common condition,
with an incidence which increases with age1e3 and
places a considerable burden on patients and health-
care resources.4,5 This high cost of treatment primarily
results from a protracted course of healing and often
multiple episodes of ulcer recurrence necessitating
frequent assessment and treatment.6
Superficial venous surgery has been shown to re-
duce venous ulcer recurrence at one year from 28%
to 12% in those treated with compression alone.7
Although residual venous reflux is common after
superficial venous surgery, surgery itself resulted in
a significant hemodynamic benefit for legs with ve-
nous ulceration by attempting to obliterate the super-
ficial venous reflux.8 It may be an improvement of this
venous function that reduces ulcer recurrence
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despite surgery. This may be for various reasons
including failed surgery,9 neovascularisation,10 poor
calf pump11 and other factors which are poorly
understood.
The aim of this study was to investigate the impor-
tance of residual venous reflux on ulcer recurrence
following superficial venous surgery.
Methods
Setting and patients7
This study was a subgroup analysis of patients from
the ESCHAR (Effect of Surgery and Compression on
Healing And Recurrence) randomised controlled
trial.7 This trial assessed the effect of surgery and
compression on healing and recurrence in patients
with chronic venous leg ulceration. Patients included
in the trial had open or recently healed (within the
preceding 6 months) leg ulceration of longer than 4
weeks duration (CEAP grades C6 and C5) and duplexrved.
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control group of the trial were treated with weekly
multilayer compression bandaging (Profore, Smith &
Nephew, Hull, UK) until healed, followed by class II
elastic stockings (Duomed, Medi, Hereford, UK). Pa-
tients in the surgery group proceeded to superficial
venous surgery based on duplex findings followed
by multilayer compression and class II elastic support
stockings. Patients were regularly reviewed by the
specialist leg ulcer nurses, even after complete healing
was achieved. For the purpose of this study, only pa-
tients with complete ulcer healing from the surgery
group were included in the analysis.
Surgery
Patients with reflux affecting the saphenofemoral
junction or above knee long saphenous vein (LSV)
were treated with saphenofemoral disconnection,
stripping of the LSV and multiple stab avulsions of
the calf varicosities. Patients with reflux affecting the
saphenopopliteal junction or short saphenous vein
(SSV) were treated with saphenopopliteal junction
disconnection and multiple stab avulsions of the calf
varicosities. Patients unfit for general anaesthesia
were offered ligation of saphenofemoral or sapheno-
popliteal junction under local anaesthesia.
Duplex imaging
All patients underwent preoperative colour duplex
venous imaging (Sonos 2000, Hewlett Packard,
Palo Alto, CA, USA) with a further venous assessment
at 3e12 months, as described previously12 and reflux
was defined as pathological if it persisted longer than
1s after calf compression and release.13,14 Superficial
venous segments (i.e. saphenofemoral junction, above
and below-knee long saphenous vein, saphenopopli-
teal junction, SSV and calf perforating veins) and
deep venous segments (i.e. common and superficial
femoral vein, above and below-knee popliteal vein)
were routinely assessed. Segmental deep reflux was
defined as reflux in one or two of deep segments
and total deep reflux as reflux present in all three
deep segments.
Digital photoplethysmography
Assessment of venous function was attempted in all
patients by measuring VRT using digital photople-
thysmography (VQ 1000; ELCAT Medical Systems,
Wolfrathausen, Germany) before and 3e12 months
after surgery.15Eur J Vasc Endovasc Surg Vol 34, July 2007Statistical analysis
All statistical analyses were performed in consulta-
tion with a medical statistician using SPSS software
(version 13.0, Illinois, Chicago, USA). Cox regression
was used to assess significance of residual reflux
and change in reflux pattern after surgery with re-
spect to ulcer recurrence. Chi-square test was used
to compare type of anaesthetic between groups that
recurred and those that did not recur. VRTs were
analysed using Wilcoxon signed ranked or Mann-
Whitney U tests for paired and unpaired data as
appropriate. P values less than 0.05 were considered
statistically significant.
Results
Of the 500 patients recruited to the ESCHAR trial, 258
patients randomised to compression alone were ex-
cluded from this study. Of the remaining 242 patients
randomised to surgery and compression, 47 patients
refused surgery and further 10 patients died. Of 185
patients treated with surgery, 144 patients were in-
cluded in this study (Fig. 1). The median age was 69
years (range 31e89) with a female to male ratio of
88:56. 129/144 patients had duplex scan at 12 months
and the remaining 15/144 patients had scan only at
3 months and failed to have follow-up scan at 12
months. The incidence of venous reflux before and
after surgery in patients with and without ulcer recur-
rence is shown in Table 1.
ESCHAR trial n = 500 Excluded
Compression alone n = 258 
Compression and surgery n = 242
Surgery n = 195 
Excluded
Refused surgery n = 47 
Excluded
Patients died n = 10 
Patients alive n = 185 Excluded
Ulcers not healed n = 15 
No repeat duplex n = 26 
Patient  analysis n = 144 
Fig. 1. Patient profile.
109Residual Venous Reflux Does Not Predict Ulcer RecurrenceDuplex detected residual reflux
Using a Cox regression model, the presence of resid
ual reflux after surgery affecting deep, above knee-
LSV, below knee- LSV, SSV and calf perforating veins
was not found to be a risk factor for ulcer recurrence
(p¼ 0.276, 0.599, 0.106, 0.238 and 0.134 respectively)
(Table 2a). Changes in reflux patterns affecting deep,
above knee- LSV, below knee- LSV, SSV and calf per-
forating veins used were also not found to be risk fac-
tors for ulcer recurrence (p¼ 0.683, 0.991, 0.878, 0.874
and 0.685) (Table 2b).
Local anaesthesia and ulcer recurrence
Of the 25 ulcers that recurred, 4 (16%) legs had re-
ceived surgery under local anaesthesia and 21 (84%)
had general anaesthesia. Of the 119 ulcers without
Table 1. Incidence of venous reflux and ulcer recurrence at 3 years
Reflux pattern Patients without
recurrence
n = 119 (83%)
Patients with
recurrence
n = 25 (17%)
Before
Surgery
n (%)
After
Surgery
n (%)
Before
Surgery
n (%)
After
Surgery
n (%)
Deep veins
(any reflux)
41 (34%) 37 (31%) 10 (40%) 9 (36%)
LSV (above knee) 93 (78%) 37 (31%) 22 (88%) 11 (44%)
LSV (below knee) 94 (79%) 74 (62%) 21 (84%) 19 (76%)
SSV 56 (47%) 35 (29%) 13 (52%) 8 (32%)
Calf perforator 61 (51%) 56 (47%) 11 (44%) 10 (40%)
Any reflux
(superficial and
deep)
119 (100%) 105 (88%) 25 (100%) 23 (92%)
Table 2. Cox regression analysis to assess the correlation between
venous reflux after surgery and 3 year ulcer recurrence
Reflux pattern n (%) Hazard Ratio (95%CI) P value
a. Residual venous reflux after surgery
Deep vein
(any reflux)
46 (32%) 1.618 (0.681e3.847) 0.276
LSV reflux (AK) 48 (33%) 1.262 (0.530e3.003) 0.599
LSV reflux (BK) 93 (64%) 2.490 (0.823e7.531) 0.106
SSV reflux 43 (30%) 1.764 (0.688e4.526) 0.238
Calf perforator
vein reflux
66 (46%) 0.492 (0.195e1.243) 0.134
b. Changes in venous reflux after surgery
Deep vein
(any reflux)
33 (23%) 0.826 (0.330e2.066) 0.683
LSV reflux (AK) 112 (78%) 1.006 (0.385e2.626) 0.991
LSV reflux (BK) 44 (30%) 0.940 (0.428e2.067) 0.878
SSV reflux 52 (36%) 1.069 (0.469e2.437) 0.874
Calf perforator
vein reflux
41 (28%) 1.172 (0.545e2.522) 0.685recurrence 28 (24%) had surgery under the local
anaesthetic and 91 (76%) had surgery under general
anaesthesia. Use of local anaesthesia was not found
to be a risk factor for ulcer recurrence. (p¼ 0.60;
Chi-square test).
VRTs and ulcer recurrence
VRTs were recorded before operation and 3e12
months after operation in 101 (70.1%) of 144 limbs
(Table 3). VRTs were similar in limbs with and
without ulcer recurrence before superficial venous
surgery [10.5s (5e29) vs 10s (3e48); p¼ 0.873,
Mann-Whitney U test] and the observed difference
postoperatively was not statistically significant [11s
(6e38) vs 15s (4e48); p¼ 0.117, Mann-Whitney U
test]. In contrast, after surgery, a marked improve-
ment in VRT was noted in limbs without ulcer recur-
rence; median (range) 10s (3e48) before surgery vs
15s (4e48) after surgery (p< 0.001, Wilcoxon signed
rank test) (Fig. 2a), whilst no such improvement in
VRTs was noted in limbs with ulcer recurrence;
median (range) 10.5s (5e29) before surgery vs 11s
(6e38) after surgery (p¼ 0.097 Wilcoxon signed
rank test) (Fig. 2b).
Effect of previous deep vein thrombosis on
ulcer recurrence
It may be difficult to establish with certainty which
patients are ‘post-thrombotic’ as they may have had
a sub-clinical DVT or have no duplex evidence of pre-
vious DVT.
The results from this study showed that of the 25
ulcers that recurred, 2 (8%) legs had previous DVT
and 22 (88%) had no history of DVT. In one patient
this data was not recorded. Of the 119 ulcers without
recurrence 9 (8%) had DVT in the past and 110 (92%)
had no history of DVT. Previous history of DVT did
not influence incidence of ulcer recurrence in this
group of patients. (p¼ 0.090; Chi-square test).
Table 3. Haemodynamic effect of superficial venous surgery on
limbs with and without ulcer recurrence
VRT (s) in limbs
with recurrence
n¼ 18/25
Median (range)
VRT (s) in limbs
without recurrence
n¼ 83/119
Median (range)
P value*
Preoperative 10.5 (5e29) 10 (3e48) 0.873
Postoperative 11 (6e38) 15 (4e48) 0.117
P value** 0.097 <0.001
*Mann-Whitney U test, **Wilcoxon signed rank test.Eur J Vasc Endovasc Surg Vol 34, July 2007
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This study has shown that ulcer recurrence at 3 years
was not associated with residual venous reflux de-
tected following surgery. These findings are in keep-
ing with previous studies that have found that the
overall venous reflux pattern has little influence on
healing and recurrence rate.16,17 Although it has
been previously suggested in a smaller retrospective
(a)
15 (4-48)
VR
T 
(s)
0
10
20
30
40
50
Preop
10 (3-48) Median VRT (range)
3-12 months
Change in VRT in limbs without ulcer
recurrence n = 83
p < 0.001
(b)
0
10
20
30
40
50
Preop 3-12 months
VR
T 
(s)
Change in VRT in limbs with ulcer
recurrence n = 18
p = 0.097
10.5 (5-29) Median VRT (range) 11 (6-38)
Fig. 2. Haemodynamic effect of superficial venous surgery
in limbs without recurrent ulceration at 3 years (a) and
with recurrent ulceration at 3 years (b).Eur J Vasc Endovasc Surg Vol 34, July 2007study that residual reflux may play a role in recurrent
ulceration in some patients,18 its presence failed to
predict the development of recurrent ulceration in
this study. Patients without ulcer recurrence had a sig-
nificant improvement in venous refill time after su-
perficial venous surgery, whereas those that suffered
ulcer recurrence had no such improvement. These
findings confirm previously reported findings that ve-
nous function as assessed by venous refill time corre-
lates with clinical outcome.8,19,20 This also highlights
the limitations of colour venous duplex, which pro-
vides excellent anatomical information, but correlated
poorly with ulcer recurrence in this group.
The high incidence of residual above knee LSV re-
flux following surgery is notable. Other studies have
shown similar results which can be explained by
a number of reasons including neovascularisation,10
reflux due to incompetent thigh perforator following
local anaesthesia procedure,21 incomplete initial sur-
gery,9,22 anatomical variation at the saphenofemoral
junction such as bifid LSV, the incidence of which is re-
ported to be as high as 52%23,24 and junctional tributar-
ies joining the LSV deep to deep fascia.25 Furthermore,
emergence of new reflux in the LSV following isolated
SSV surgery is another possible explanation.
Other causes of ulcer recurrence in this group of
patients may have to be considered and include
poor compliance with stockings26,27 and an associated
reduction in the compression pressure generated by
wearing class II stockings (20 mmHg) which replaced
the four layer compression bandage (40 mmHg) fol-
lowing ulcer healing.
Patients unfit for general anaesthesia underwent
junction disconnection alone (either saphenofemoral
or saphenopopliteal) under local anaesthesia. In vari-
cose vein surgery it is established that this limited
procedure results in increased varicose vein recur-
rence and increased venous dysfunction.28 In this
study however, ulcer recurrence rates were similar
in the small number of patients who underwent lim-
ited superficial venous surgery under local anaesthe-
sia and the larger group who had standard surgery
under general anaesthesia. Whilst the present study
lacks statistical power to detect such a difference reli-
ably, stripping the LSV does not further reduce recur-
rence risk.
It is likely that patients with reduced calf pump ac-
tivity due to relative ankle stiffness would not benefit
from superficial venous surgery which implies the
need to look at other factors such as ankle mobility
and calf pump function.11,29 Furthermore, assessment
of venous function using digital photoplethysmo-
graphy may help identify which limbs should have
further obliteration of residual superficial reflux.8,20
111Residual Venous Reflux Does Not Predict Ulcer RecurrenceThis study has some limitations, notably the loss to
follow-up of around one fifth of those patients who
had surgery and their consequent exclusion from
these analyses. Nonetheless, the current study has
demonstrated that reduced VRTappears to be a signif-
icant predictor of ulcer recurrence following superfi-
cial venous surgery whilst duplex detected residual
venous reflux was not associated with ulcer recur-
rence. We conclude that duplex alone may not be pre-
cise enough to assess venous disease in the ulcerated
limb, and advocate the combined use of duplex and
digital photoplethysmography to detect and estimate
the severity of venous dysfunction. Such an approach
may help identify patients at increased risk of ulcer
recurrence who may benefit from continued use of
compression hosiery.
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